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Abstract—In order to increase the sensitivity of the vision-
based tactile sensor FingerVision especially to normal force, we
explore an idea of introducing whiskers as an alternative to
markers. Since whiskers deforms more largely against light touch
than markers, the image change of the FingerVision camera
is larger, and thus the resolution of force is increased. In this
paper, we fabricate and compare some versions of FingerVision
with whiskers. The empirical comparisons demonstrate that the
idea to introduce whiskers work as we expect. This paper
also demonstrates intuitive applications, pulling a tissue paper
grasped by a robot and poking a standing pencil by a robot.

Index Terms—Tactile sensor, FingerVision, Robotic manipula-
tion

I. INTRODUCTION

We are exploring vision-based tactile sensing [1]-[11].
Because of high resolution, high reliability, and ease of fab-
rication, we think this is a promising approach for robotic
manipulation. Our version of such a vision-based tactile sensor
is named FingerVision that has a completely transparent skin
which enables multimodal sensing (force, slip, etc.) [10], [11].
We have made many applications of robotic manipulation with
FingerVision such as slip-feedback grasping.

FingerVision consists of a transparent elastic skin where
markers (dots) are placed around the surface, a transparent
hard layer made with acrylic, and a camera; see Fig. 1(a).
Some different computer vision methods are used to process
captured video from the camera. In our implementation [11],
we used a blob tracking method to detect the movement of the
markers for estimating force distribution, and a background
subtraction to detect movement of proximity objects for esti-
mating slip distribution.

An issue of FingerVision is that although it is sensitive
and accurate to shear force, it is less sensitive and less
accurate to normal force. The reason is that shear force is
estimated from horizontal movement of the markers which
is large displacement in FingerVision images, while normal
force is estimated from marker size change which is subtle
in FingerVision images. As explored in [11], FingerVision
is capable to detect slip sensitively which enables standard
grippers to grasp unknown objects without breaking them even
if they are fragile and/or lightweight, such as origami arts.
Slip-feedback control is used to find a good grasp, however
slip is a phenomenon caused by robot or object motion, i.e.
the feedback control using slip takes time. One way to solve
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Fig. 1. (a) Conceptual design of FingerVision, (b) replacing its markers with
whiskers, (c) deformation of whiskers for light touch, and (d) deformation of
whiskers for large force.

this issue is learning grasp force for an unknown object. For
that purpose, the sensitivity and accuracy of normal force is
necessary.

Animals have whiskers, and much of them are used as
sensors. Since they are light weight, they are sensitive to light
touch or contact with very small force. Such a functionality is
also attractive from engineering point of view. For example,
a light weight whisker-like sensor was developed which was
able to sense light touch [12].

In order to make FingerVision sensitive and accurate to
normal force, we explore an idea to introduce whiskers onto
the surface of FingerVision. Fig. 1(b) shows a conceptual
illustration. Those whiskers are thin, soft, and placed outside
of the skin. When an object contacts some whiskers, they will
easily deform (Fig.1(c)). When a stronger force is applied
from the object, the whiskers deform more together with the
surrounding elastic skin (Fig. 1(d)). These deformations will be
shown in the FingerVision camera, and computer vision will
be able to track them. With those whiskers, we can improve
the sensitivity of FingerVision to normal force.

This paper explores the concept of whiskers by prototyping
some versions, and empirically comparing them with the other
types. In the experiments, we also introduce an approach to
remove the hard layer (acrylic plate) from FingerVision, which
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